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Technology Focus: Test & Measurement 


© Instrumentation for Sensitive Gas Measurements 

Measurements are based on cavity-enhanced absorption. 

Ames Research Center, Moffett Field, California 


An improved instrument for optical 
absorption spectroscopy utilizes off-axis 
paths in an optical cavity in order to in- 
crease detection sensitivity while sup- 
pressing resonance effects. The instru- 
ment is well suited for use in either 
cavity ring-down spectroscopy (CRDS) 
[in which one pulses an incident light 
beam and measures the rate of decay of 
light in the cavity] or integrated cavity 
output spectroscopy (ICOS) [in which 
one uses a continuous-wave incident 
light beam and measures the power of 
light in the cavity as a function of wave- 
length] . 

Typically, in optical absorption spec- 
troscopy, one seeks to measure absorp- 
tion of a beam of light in a substance 
(usually a gas or liquid) in a sample cell. 
In CRDS or ICOS, the sample cell is 
placed in (or consists of) an optical cav- 
ity, so that one can utilize multiple re- 
flections of the beam to increase the ef- 
fective optical path length through the 
absorbing substance and thereby in- 


crease the sensitivity for measuring ab- 
sorption. If an absorbing substance is 
not present in the optical cavity, one can 
utilize the multiple passes of the light 
beam to increase the sensitivity for mea- 
suring absorption and scattering by com- 
ponents of the optical cavity itself. 

It is desirable to suppress the effects of 
resonances in the cavity in order to 
make the spectral response of the cavity 
itself as nearly constant as possible over 
the entire wavelength range of interest. 
In the present instrument, the desired 
flattening of the spectral response is ac- 
complished by utilizing an off-axis beam 
geometry to effectively decrease the fre- 
quency interval between longitudinal 
electromagnetic modes of the cavity, 
such that the resulting transmission 
spectrum of the cavity is nearly continu- 
ous: in other words, the cavity becomes a 
broad-band optical device. 

The instrument (see figure) includes 
an external-cavity diode laser, the out- 
put of which is directed by folding mir- 


rors into an optical cavity. Optionally, 
the electromagnetic modes of the laser 
and the cavity can be matched by use of 
two telescope lenses. Also, optionally, 
the laser beam can be chopped for 
(CRDS) or not chopped (for ICOS). 
The optical cavity is bounded by two 
identical mirrors, typically having a di- 
ameter of 25 mm and a radius of curva- 
ture of 6 m (and, hence, a focal length 
of 3 m) . Typically, the mirrors are longi- 
tudinally separated by a distance of 67 
cm. Preferably, the mirrors both have 
reflectivities >0.99, though reflectivities 
as low as 0.5 could be acceptable in 
some applications. 

The aforementioned choice of typical 
parameters — and in particular, the 
choice of a mirror focal length greater 
than the cavity length — was made on 
the basis of numerical simulations of a 
variety of cavity designs that yield dense 
mode spectra. The simulations showed 
that the long-focal-length condition 
minimizes the sensitivity of perfor- 



The Optical Path Through the Cavity comprises multiple off-axis segments. With a suitable choice of design parameters, this arrangement yields a dense 
longitudinal-mode spectrum that offers several advantages. 
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mance to changes in the alignment and 
spacing of the mirrors. In addition, as a 
result of this choice of parameters, the 
light emerges from the cavity in a pat- 
tern that facilitates focusing of the light 
onto a possibly small photodetector. 

The greatest advantage afforded by 
this design, relative to an on-axis de- 
sign, is that one can use a narrow-band 
laser (bandwidth < 100 MHz), without 
need for complex, expensive equip- 
ment for precisely controlling the cav- 
ity length to manipulate or suppress 
resonances. Another advantage is re- 
duction of optical feedback from the 
cavity to the laser and consequent elim- 


ination of need for optical components 
to suppress such feedback. 

Yet another advantage is removal of a 
major constraint on the alignment of 
the overall optical system: Instead of 
only one possible alignment geometry 
(the laser beam aligned with the opti- 
cal axis of the cavity), one can choose 
any alignment for which there is a sta- 
ble optical path through the cavity. As a 
result, alignment routine can be sim- 
plified and the instrument is less sensi- 
tive to vibration. 

Currently, a product line of instru- 
ments is being developed based on the 
technology described above for high- 


sensitivity, precision, and accurate gas 
measurements. Some applications that 
will benefit from this technology in- 
clude atmospheric monitoring, chemi- 
cal and biological agent detection, in- 
dustrial process control, and medical 
diagnostics. 

This work was done by Anthony O’Keefe 
of Los Gatos Research for Ames Research 
Center. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Ames Re- 
search Center, (650) 604-5104. Refer to 
ARC-14690-1. 


©Apparatus for Testing Flat Specimens of Thermal Insulation 

An improved design affords flexibility for testing under diverse conditions. 

John F. Kennedy Space Center, Florida 


An apparatus has been developed to 
implement an improved method of test- 
ing flat-plate specimens of thermal-insu- 
lation materials for cryogenic applica- 
tion. The method includes testing 
under realistic use conditions that could 
include vacuum and mechanical load- 
ing at a pressure up to 70 psi (-0.48 
MPa) . The apparatus can accommodate 
a rigid or flexible specimen having 
thickness up to 1.25 in. (-3.2 cm) and 
diameters between 6 and 10 in. (about 
15.2 and 25.4 cm, respectively). Typical 
test conditions include boundary tem- 
peratures between 77 K and 373 K and 
vacuum/interstitial gas filling at a pres- 
sure between 10" 6 torr (~1.3xl0" 4 Pa) 
and 760 torr (atmospheric pressure 
-0.1 MPa). The interstitial gas could be 
N 2 , He, CO 2 , or any other suitable gas to 
which the insulation is expected to be 
exposed in use. Relative to prior appa- 
ratuses and testing methods, this appa- 
ratus and the testing method that it im- 
plements offer advantages of relative 
simplicity and ease of use. 

The basic principle of operation of the 
apparatus is that of boil-off calorimetry, 
using liquid nitrogen or any other suitable 
liquid that boils at a desired temperature 
below ambient temperature. Comparative 
rates of flow of heat through the thick- 
nesses of the specimens (heat-leak rates) 
and apparent-thermal-conductivity values 
are obtained from tests of specimens. Ab- 
solute values of heat-leak rates and appar- 
ent thermal conductivities are computed 
from a combination of (1) the aforemen- 
tioned comparative values and (2) calibra- 


tion factors obtained by testing reference 
specimens of materials that have known 
thermal-insulation properties. 

The apparatus includes a full comple- 
ment of temperature sensors, a vacuum 
pump and chamber, a monitoring and 


control system, and tools and fixtures 
that enable rapid and reliable installa- 
tion and removal of specimens. A speci- 
men is installed at the bottom of the vac- 
uum chamber, and a cold-mass assembly 
that includes a tank is lowered into posi- 



A Specimen Is Sandwiched between a cold mass tank containing liquid nitrogen and a heated copper 
plate. The apparent thermal conductivity of the specimen is determined from the liquid-nitrogen boil- 
off rate and the temperatures of the top and bottom specimen surfaces. 
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tion above and around the specimen 
(see figure) . A spring-based compensat- 
ing fixture helps to ensure adequate 
thermal contact with possibly irregular 
specimen surfaces. For a high-compres- 
sion test, the springs can be replaced 
with spacers. A flat circular load cell at 
the bottom of the chamber measures the 
compressive load on the specimen. 
Once the desired compressive-load, tem- 
perature, and vacuum/gas-filling condi- 
tions are established, testing begins. 


During a test, all measurements are 
recorded by use of a portable data-ac- 
quisition system and a computer. 

The total heat-leak rate is measured 
and calculated as the boil-off flow rate 
multiplied by the latent heat of vapor- 
ization. The parasitic heat leak (to the 
side of the specimen and to the top and 
side of the cold-mass tank) is reduced 
to a small fraction of the total heat leak 
by use of a combination of multilayer- 
insulation (MLf) shield rings, reflective 


film, a fiberglass/ epoxy centering ring, 
and a bulk fill of aerogel beads. This 
combination eliminates the need for a 
cryogenic guard chamber used in a typ- 
ical prior apparatus to reduce the para- 
sitic heat leak. 

This work was done by James E. Fesmire 
of Kennedy Space Center and Stanis- 
law D. Augustynowicz ofDynacs, Inc. Fur- 
ther information is contained in a TSP 
(see page 1 ). 

KSC-12390 


© Quadrupole Ion Mass Spectrometer for Masses of 2 to 50 Da 

H2, He, O2, and Ar can be quantitated at low concentrations in N2. 

John F. Kennedy Space Center, Florida 


A customized quadrupole ion-trap mass 
spectrometer (QITMS) has been built to 
satisfy a need for a compact, rugged in- 
strument for measuring small concentra- 
tions of hydrogen, helium, oxygen, and 
argon in a nitrogen atmosphere. This 
QITMS can also be used to perform quan- 
titative analyses of other gases within its 
molecular-mass range, which is 2 to 50 
daltons (Da). (More precisely, it can be 
used to perform quantitative analysis of 
gases that, when ionized, are character- 
ized by m/Z ratios between 2 and 50, 
where m is the mass of an ion in daltons 
and Z is the number of fundamental elec- 
tric charges on the ion.) 

The QITMS was assembled mostly 
from commercial components. It in- 
cludes a vacuum manifold, ion trap, and 
filament from a commercial ion-trap 
mass analyzer that produces ions within 
the ion trap by electron impact. Low- 
molecular-weight ions are effectively 
trapped when internal electron impact is 
used, despite the absence of a collision 
(buffer) gas. This internal-electron-im- 
pact assembly is compact, rugged, and 
suited for use in a miniaturized instru- 
ment. The assembly was modified to (1) 
increase the opening of the trap to the 
vacuum manifold in order to increase 
the rates of transport of analyte gases, (2) 
accommodate an ion high-vacuum 
gauge that measures the pressure in the 
open ion trap, and (3) replace an origi- 
nal gas-chromatograph-type transfer 
tube with a stainless-steel tube for intro- 
ducing gas samples into the trap. A high 
vacuum is produced in the trap by means 
of a turbo-drag pump backed by either a 
diaphragm pump or a rotary-vane pump. 

The electronic control and monitoring 
unit of the aforementioned commercial 


ion-trap mass analyzer was replaced by a 
more capable control and monitoring 
unit from another commercial ion-trap 
mass analyzer, with minor changes in the 
electron-filament portion of the replace- 
ment unit to regulate emission of elec- 


trons from the filament. With this modifi- 
cation, the electron-emission assembly 
produces a 200-jlA current of electrons at 
a kinetic energy of 90 eV. An electron 
multiplier from the second-mentioned 
commercial ion-trap mass analyzer was in- 



This Mass Spectrum was obtained in an initial test of the QITMS, using a mixture of hh. He, O 2 , and 
Ar, each at a concentration of 1.25 percent in N 2 . 
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stalled in the vacuum manifold to match 
an electrometer circuit in the control and 
monitoring unit. 

The instrument operates under con- 
trol by a computer that runs custom 
software. Included in the software is a 
module for performing real-time moni- 
toring of selected gases at a chosen up- 
date rate (e.g., once per second). 

Like commercial instruments, this 
QITMS utilizes a mass-selective instabil- 
ity for mass analysis. Both commercial 
ion-trap analyzers from which the parts 
were taken to build the present unit 
have low-mass cutoffs of 4 Da. To extend 
the lower mass limit to 2 Da with the 
least amount of modification and fabri- 
cation, it was decided to increase the 
upper limit of frequency of the signal ap- 
plied to coils to generate the trapping 
radio-frequency field. This decision was 


implemented through modifications of 
the signal-generating circuits and con- 
struction of replacement coils to provide 
multiple resonance frequencies from 1 
to 4 MHz. Increasing the upper limit of 
frequency reduced the upper limit of 
the mass range below that of the un- 
modified commercial instruments, but 
this was acceptable because the upper 
mass limit of 50 Da required for this in- 
strument remained within range. 

The QITMS was initially tested at a fre- 
quency of 2.8 MHz with a sample gas 
mixture comprising 1.25 percent, each, 
of hydrogen, helium, oxygen, and argon 
in nitrogen. The results of this test 
showed readily identifiable ion signals at 
m/ Z values of 2, 4, 32, and 40, with an 
upper m/ Z limit only a few tenths above 
40 (see figure). In a subsequent test, it 
was found that the desired m/ Z range of 


2 to 50 could be attained in operation at 
a frequency of 2.5 MHz. In other tests, it 
was found that the relative accuracy and 
precision in quantitating the four gases 
of interest were characterized by an 
error of no more than 10 percent of 
reading and a deviation of no more than 
5 percent of reading, respectively. In still 
other tests, it was found that the lower 
limits of detectable concentrations were 
25 parts per million (ppm) for hydro- 
gen, 100 ppm for helium, slightly higher 
than 25 ppm for oxygen, and slightly 
higher than 10 ppm for argon. 

This work was done by William Helms of 
Kennedy Space Center; Timothy P. Griffin 
of Dynacs, Inc.; and Andrew Ottens and 
Willard Harrison of the University of Florida. 
Further information is contained in a TSP 
(see page 1). KSC-12428 


@ Miniature Laser Doppler Velocimeter for Measuring Wall Shear 

Interference fringes are configured for sensitivity to a velocity gradient. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A miniature optoelectronic instru- 
ment has been invented as a nonintru- 
sive means of measuring a velocity gradi- 
ent proportional to a shear stress in a 


flow near a wall. The instrument, which 
can be mounted flush with the wall, is a 
variant of a basic laser Doppler velocime- 
ter. The laser Doppler probe volume can 


be located close enough to the wall (as 
little as 100 pm from the surface) to lie 
within the viscosity-dominated sublayer 
of a turbulent boundary layer. 



A Unitary Assembly of Optical Components is fabricated on a quartz substrate. For the sake of simplicity, such non-optical details as alignment marks and 
mounting features are omitted from this view. 
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Like other laser Doppler velocime- 
ters, this instrument includes optics 
that split a laser beam into two parts 
that impinge on the probe volume 
from two different directions to form 
interference fringes in the probe vol- 
ume. Also like other laser Doppler ve- 
locimeters, this instrument measures 
the frequency of variation of light re- 
flected by particles entrained in the 
flow as they pass through the fringes 
(the velocity component that one seeks 
to measure is simply the product of this 
frequency and the fringe spacing). 
What distinguishes this instrument 
from other laser Doppler velocimeters 
is its highly miniaturized design and its 
unique fringe geometry. 

The instrument (see figure) includes 
a diode laser, the output of which is 
shaped by a diffractive optical element 
(DOE) into two beams that have ellipti- 
cal cross sections with very high aspect 
ratios. The DOE focuses these beams 
through two slits a few microns apart on 
a surface that, in use, is mounted flush 
with the wall that bounds the flow. Light 
reflected from flow particles that pass 
through the fringes is collected through 
a window (essentially, a third, wider slit). 
Another DOE acts as focusing lens that 
couples the collected light into an opti- 


cal fiber that, in turn, couples the light 
to an avalanche photodiode. The output 
of the photodiode is processed to mea- 
sure the frequency of variation in the in- 
tensity of the reflected light. 

The interference between the laser 
beams forms fringes that diverge by an 
amount proportional to the distance 
from the wall: the fringes appear as ra- 
dial spokes in the plane that contains a 
parallel-to-the-wall velocity component 
to be measured. Because the magni- 
tude of this velocity component also in- 
creases linearly with distance from the 
wall in the viscosity-dominated flow 
regime and because the corresponding 
component of shear stress is propor- 
tional to the perpendicular-to-the-wall 
gradient of this velocity component, it 
follows that the frequency of variation 
of light reflected by particles entrained 
in the flow is proportional to the shear- 
stress component that one seeks to 
measure. 

The critical optical components for 
manipulating the laser light are fabri- 
cated on a 0.5-mm-thick quartz substrate 
in a sequence of microfabrication steps. 
The front surface (the top surface in the 
figure) is coated with a thin film of 
chromium, then further coated with 
poly(methyl methacrylate) [PMMA]. 


The slits and window are formed in the 
chromium film by electron-beam lithog- 
raphy followed by wet etching. The back 
surface is coated with PMMA, in which 
the DOEs are formed by electron-beam 
lithography. The unitary assembly of op- 
tical components thus formed is 
mounted in a compact housing that also 
holds the diode laser and the fiber-optic- 
coupled photodiode. 

This work was done by Morteza Gharib, 
Darius Modarress, Siamak Forouhar, Do- 
minique Fourguette, Federic Taugwalder, and 
Daniel Wilson of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP ( see page 1 ). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Innovative Technology Assets Management 

JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-20851, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Coherent Laser Instrument Would Measure Range and Velocity 

This lightweight, low-power, compact instrument could have a variety of uses. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed instrument would pro- 
ject a narrow laser beam that would be 
frequency-modulated with a pseudo- 
random noise (PN) code for simulta- 
neous measurement of range and ve- 
locity along the beam. The instrument 
performs these functions in a low mass, 
power, and volume package using a 
novel combination of established tech- 
niques. Originally intended as a low re- 
source-footprint guidance sensor for 
descent and landing of small spacecraft 
onto Mars or small bodies (e.g., aster- 
oids), the basic instrument concept 
also lends itself well to a similar appli- 
cation guiding aircraft (especially, 
small unmanned aircraft) , and to such 
other applications as ranging of topo- 
graphical features and measuring ve- 
locities of airborne light-scattering par- 
ticles as wind indicators. 

Several key features of the instru- 
ment’s design contribute to its favor- 


able performance and resource-con- 
sumption characteristics. A laser beam 
is intrinsically much narrower (for the 
same exit aperture telescope or an- 
tenna) than a radar beam, eliminating 
the need to correct for the effect of 
sloping terrain over the beam width, as 
is the case with radar. Furthermore, the 
use of continuous-wave (CW), erbium- 
doped fiber lasers with excellent spec- 
tral purity (narrow line width) permits 
greater velocity resolution, while re- 
ducing the laser’s power requirement 
compared to a more typical pulsed 
solid-state laser. The use of CW also 
takes proper advantage of the in- 
creased sensitivity of coherent detec- 
tion, necessary in the first place for di- 
rect measurement of velocity using the 
Doppler effect. However, measuring 
range with a CW beam requires modu- 
lation to “tag” portions of it for time-of- 
flight determination; typically, the 


modulation consists of a PN code. A 
novel element of the instrument’s de- 
sign is the use of frequency modulation 
(FM) to accomplish both the PN-mod- 
ulation and the Doppler-bias frequency 
shift necessary for signed velocity mea- 
surements. This permits the use of a 
single low-power waveguide electro- 
optic phase modulator, while simul- 
taneously mitigating the effects of 
speckle as a noise source in the coher- 
ent detection. 

The instrument (see figure) would in- 
clude a narrow-line-width CW laser, the 
output of which would be split into a 
local oscillator and signal arm. Within 
the instrument, optical beams would be 
routed, split, and combined by use of 
fiber and planar integrated optics. The 
signal arm beam would be frequency- 
modulated by the electro-optic phase 
modulator, fed by a serrodyne waveform 
generated either in software or hard- 
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FM (Serrodyne) Modulation With PN Range Code and Doppler Bias 



The Proposed Laser Instrument would perform ranging and velocimetry by use of a novel combina- 
tion of established techniques. Integrated and fiber optics would be used to implement much of the 
functionality in a compact, lightweight package. 


ware, then sent through a multiplexer to 
a fixed-focus collimating telescope. The 
combination of a fiber-coupled Faraday 
circulator and a quarter-wave polariza- 
tion retarder forms an effective trans- 
mit/receive multiplexer, as well as out- 
putting the desired circular polarization. 

The return signal, coupled back into 
the instrument by the same telescope, 
would be mixed with the local oscillator 
beam in a semiconductor optical re- 
ceiver. The resulting heterodyne signal 
would be filtered, then directly digitized 
for processing in the digital signal proces- 
sor, where frequency demodulation and 
PN-code correlation would be per- 
formed, with phase-edge detection and 
tracking for increased range accuracy. 

This work was done by Daniel Chang, Greg 
Cardell, Alejandro San Martin, and Gary 
Spiers of Caltech for NASA’s Jet Propul- 
sion Laboratory. Further information is 
contained in a TSP (see page 1). 
NPO-40403 
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Printed Microinductors for Flexible Substrates 

Magnetic composite layers are combined with hermetic coatings to optimize electrical and 
mechanical properties. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A method of fabricating planar, flexible 
microinductors that exhibit a relatively 
high quality factor (Q) between 1 and 10 
MHz has been devised. These inductors 
are targeted for use in flexible, low-profile 
power-converter circuits. They could also 
be incorporated into electronic circuits 
integrated into flexible structures, includ- 
ing flexible antenna and solar-sail struc- 
tures that are deployable. 

Fabrication of inductors on flexible, 
heat-sensitive substrates is typically lim- 
ited by the need for high-temperature 
annealing step of the magnetic material. 
Highly loaded ceramic/polymer com- 
posite films can be seen printed and 
cured at lower temperatures, but suffer 


poor adhesion. Thus, a new approach is 
required to enable the fabrication of 
high Q inductors (for power applica- 
tions) on the flex substrates. 

The microinductor comprises a planar 
spiral metal coil and a high-permeability 
magnetic thick-film (equivalent to the 
core of a conventional inductor) in the 
form of a ceramic/polymer composite. 
The metal spiral is fabricated by pho- 
tolithography and etching of a copper- 
clad flexible polyamide substrate. The ce- 
ramic/polymer composite is deposited by 
stencil and screen printing, both above 
and below the metal spiral (see figure). 

To obtain sufficient permeance and vol- 
ume magnetization for the required de- 
gree of enhance- 
ment of inductance, 
the mass fraction of 
the ceramic in the ce- 
ramic/polymer com- 
posite must be about 
95 percent, which is 
greater than the 
mass fractions of 
fillers typically incor- 
porated into poly- 
mer-matrix thick 
films. In general, 
such a high mass 
fraction of filler can 
adversely affect print- 
ability and adhesion 
and can make the 
printed thick films 
susceptible to me- 
chanical failure and 


delamination during flexure. These ad- 
verse effects can be overcome, to a degree 
that makes it possible to produce an in- 
ductor of both acceptably high Q and ac- 
ceptable mechanical properties, by (1) 
proper choice of the polymer resin and 
the ceramic magnetic powder filler for the 
thick-film formulation, in conjunction 
with (2) the use of a hermetic-coating 
technique. 

Of the resins tested, polyester resins 
demonstrated the best loading and adhe- 
sion characteristics. A magnetic powder 
comprising Mn-Zn ferrite particles about 
10 pm in diameter was found to yield 
good magnetic properties. It was found 
that improved adhesion could be ob- 
tained through coating with vacuum-poly- 
merized parylene. 

This work was done by Erik Brandon, Jay 
Whitacre, and Emily Wesseling of Caltech for 

NASA’s Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
page 1). 

In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this in- 
vention. Inquiries concerning rights for its com- 
mercial use should be addressed to: 

Innovative Technology Assets Management 

FL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-30657, volume and num- 
ber of this NASA Tech Briefs issue, and the 
page number. 



A Flexible Inductor of Three Layers is fabricated as an integral unit by 
thick-film processing techniques. 


Series-Connected Buck Boost Regulators 

Sizes and power losses are smaller than those of conventional switching voltage regulators. 

John H. Glenn Research Center, Cleveland, Ohio 


A series-connected buck boost regula- 
tor (SCBBR) is an electronic circuit that 
bucks a power-supply voltage to a lower 
regulated value or boosts it to a higher 
regulated value. The concept of the 
SCBBR is a generalization of the con- 


cept of the SCBR, which was reported in 
“Series-Connected Boost Regulators” 
(LEW-15918), NASA Tech Briefs, Vol. 23, 
No. 7 (July 1997), page 42. Relative to 
prior DC-voltage-regulator concepts, the 
SCBBR concept can yield significant re- 


ductions in weight and increases in 
power-conversion efficiency in many ap- 
plications in which input/ output voltage 
ratios are relatively small and isolation is 
not required, as solar-array regulation or 
battery charging with DC-bus regulation. 
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Figure 1. The Efficiency of a Breadboard SCBBR was measured as a function of output voltage with 
input voltage held at 120 V. (The upper curve is for a 5-A load; the lower is for a 2-A load.) 
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Figure 2. In a Basic SCBBR, the input side of a DC-to-DC converter is connected across the input power 
bus, while the output side is connected in series with the input power bus. 


Usually, a DC voltage regulator is de- 
signed to include a DC-to-DC converter 
to reduce its power loss, size, and weight. 
Advances in components, increases in 
operating frequencies, and improved cir- 
cuit topologies have led to continual in- 
creases in efficiency and/ or decreases in 
the sizes and weights of DC voltage regu- 
lators. The primary source of inefficiency 
in the DC-to-DC converter portion of a 
voltage regulator is the conduction loss 
and, especially at high frequencies, the 
switching loss. Although improved com- 
ponents and topology can reduce the 
switching loss, the reduction is limited by 
the fact that the converter generally 
switches all the power being regulated. 

Like the SCBR concept, the SCBBR con- 
cept involves a circuit configuration in 
which only a fraction of the power is 
switched, so that the switching loss is re- 
duced by an amount that is largely inde- 
pendent of the specific components and 
circuit topology used, tn an SCBBR, the 
amount of power switched by the DC-to- 
DC converter is only the amount needed 
to make up the difference between the 


input and output bus voltage. The remai- 
ing majority of the power passes through 
the converter without being switched. 

The weight and power loss of a DC-to- 
DC converter are determined primarily 
by the amount of power processed. In 
the SCBBR, the unswitched majority of 
the power is passed through with very lit- 
tle power loss, and little if any increase 
in the sizes of the converter components 
is needed to enable the components to 
handle the unswitched power. As a re- 
sult, the power-conversion efficiency of 
the regulator can be very high, as shown 
in the example of Figure 1. 

A basic SCBBR includes a DC-to-DC 
converter (see Figure 2). The switches 
and primary winding of a transformer in 
the converter is connected across the 
input bus, while the secondary winding 
and switches are connected in series with 
the output bus, so that the output voltage 
is the sum of the input voltage and the 
secondary voltage of the converter. 

In the breadboard SCBBR, the input 
voltage applied to the primary winding 
is switched by use of metal oxide/semi- 


conductor field-effect transistors (MOS- 
FETs) in a full bridge circuit; the sec- 
ondary winding is center-tapped, with 
two MOSFET switches and diode recti- 
fiers connected in opposed series in 
each leg. The sets of opposed switches 
and rectifiers are what enable operation 
in either a boost or a buck mode. In the 
boost mode, input voltage and current, 
and the output voltage and current are 
all positive; that is, the secondary voltage 
is added to the input voltage and the net 
output voltage can be regulated at a 
value equal or greater than the input 
voltage. In the buck mode, input voltage 
is still positive and the current still flows 
in the same direction in the secondary, 
but the switches are controlled such that 
some power flows from the secondary to 
the primary. The voltage across the sec- 
ondary and the current into the primary 
are reversed. The result is that the output 
voltage is lower than the input voltage, 
and some power is recirculated from the 
converter secondary back to the input. 

Quantitatively, the advantage of an 
SCBBR is a direct function of the regula- 
tion range required. If, for example, a 
regulation range of ±20 percent is re- 
quired for a 500-W supply, then it suffices 
to design the DC-to-DC converter in the 
SCBBR for a power rating of only 100 W. 
The switching loss and size are much 
smaller than those of a conventional reg- 
ulator that must be rated for switching 
of all 500 W. The reduction in size and 
the increase in efficiency are not directly 
proportional to switched-power ratio of 
5:1 because the additional switches con- 
tribute some conduction loss and the 
input and output filters must be larger 
than those typically required for a 100-W 
converter. Nevertheless, the power loss 
and the size can be much smaller than 
those of a 500-W converter. 

Because with slight additions the 
SCBBR can also function as a conven- 
tional buck-mode switching regulator, it 
can provide current-limited turn-on, 
protection against overcurrent, and bus 
switching. Finally, it should be noted 
that although the breadboard SCBBR 
design utilizes hard switching, resonant 
and soft-switching configurations should 
be viable as alternatives. 

This work was done by Arthur G. Birchenough 
of Glenn Research Center. Further informa- 
tion is contained in a TSP ( seepage 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21 000 Brookpark Road, Cleveland 
Ohio 44135. Refer to LEW-1 7353. 
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Digital Receiver for Microwave Radiometry 

Interfering signals would be suppressed in digital signal processing. 

Goddard Space Flight Center, Greenbelt, Maryland 
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The Proposed Microwave Radiometer Receiver would include a digital signal processor that would execute interference-suppression algorithms. 


A receiver proposed for use in L-band 
microwave radiometry (for measuring 
soil moisture and sea salinity) would uti- 
lize digital signal processing to suppress 
interfering signals. Heretofore, radio- 
frequency interference has made it nec- 
essary to limit such radiometry to a fre- 
quency band about 20 MHz wide, 
centered at -1,413 MHz. The suppres- 
sion of interference in the proposed re- 
ceiver would make it possible to expand 
the frequency band to a width of 100 
MHz, thereby making it possible to ob- 
tain greater sensitivity and accuracy in 
measuring moisture and salinity. 

The receiver would digitize a portion 
of the received signal spectrum up to 


100 MHz wide. The digitized signals 
would be processed to extract either the 
total power or the power spectral den- 
sity associated with the physical 
processes of interest. The processing 
would involve the use of adaptive and 
parametric filtering techniques imple- 
mented in real time by use of reconfig- 
urable digital hardware in the form of 
field-programmable gate arrays. 

The microwave signals emitted by the 
physical processes of interest are quasi- 
stationary and noiselike. The signal- 
processing algorithms would include 
interference-suppression algorithms, 
which would be based partly on the as- 
sumption that signals that are not both 


quasi-stationary and noiselike must be 
interfering signals. For example, pulses 
would be detected and blanked. Follow- 
ing blanking of pulse and other sup- 
pression of interfering signals, a fast 
Fourier transform (FFT) would be ap- 
plied. The FFT outputs would be inte- 
grated, and the results of the integra- 
tions would be transferred to a 
computer for storage. 

This work was done by Steven W. Elling- 
son, Grant A. Hampson, and Joel T. Johnson 
of Ohio State University for Goddard Space 
Flight Center. Further information is con- 
tained in a TSP ( see page 1 ). 

GSC-14776-1 


Printed Antennas Made Reconfigurable by Use of 
MEMS Switches 


MEMS switches offer advantages over electronic control circuits. 

John H. Glenn Research Center, Cleveland, Ohio 


A class of reconfigurable microwave 
antennas now undergoing development 
comprise fairly conventional printed- 
circuit feed elements and radiating 
patches integrated with novel switches 
containing actuators of the micro- 
electromechanical systems (MEMS) 
type. In comparison with solid-state 
electronic control devices incorporated 
into some prior printed microwave an- 


tennas, the MEMS-based switches in 
these antennas impose lower insertion 
losses and consume less power. Because 
the radio-frequency responses of the 
MEMS switches are more nearly linear, 
they introduce less signal distortion. In 
addition, construction and operation 
are simplified because only a single DC 
bias line is needed to control each 
MEMS actuator. 


The incorporation of the MEMS 
switches makes it possible for an an- 
tenna of this class to operate over sev- 
eral frequency bands without undergo- 
ing changes in its dimensions other 
than the small deflections associated 
with opening and closing gaps be- 
tween switch contacts. In addition, the 
polarization of the radiation emitted 
or received by the antenna can be 
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Figure 1 . The Two Independent MEMS Actuators in this patch antenna can be used to change the op- 
erating frequency. When both actuators are off, the frequency is about 25.0 GHz. When one of the 
actuators is on, the frequency is 24.8 GHz. When both actuators are on, the frequency is 24.6 GHz. 



Figure 2. This Patch Antenna radiates in circular polarization when the actuator is off and in dual 
linear polarization when the actuator is on. 


switched between linear and circular. 
The ability to change frequency and 
polarization makes these antennas at- 
tractive for inclusion in planar phased 
antenna arrays. 

The upper part of Figure 1 shows the 
layout of one such antenna containing 
two MEMS actuators, while the lower 
part of this figure presents an enlarged 
view of one of the actuators. Each actu- 
ator includes a flexible metal overpass 
suspended over a metal stub. The over- 
pass is supported at its ends by metal 
vias electrically connected to the an- 
tenna patch. A dielectric film occupies 
part of the gap between the stub and 
the overpass. The overpass is free to 
bend up and down and is actuated in 
bending by electrostatic attraction by a 
DC bias voltage applied between the 
overpass and the metal stub. A metal 
strip of length L and width W attached 
to metal stub behaves as a parallel-plate 
capacitor. 

When an actuator is in the “off” state 
(voltage not applied, overpass not 
bent) , the antenna patch operates at a 
nominal frequency determined by the 
dimension b. When the actuator is in 
the “on” state (voltage applied, over- 
pass bent down), the capacitance of 
the metal strip appears in shunt with 
the input impedance of the antenna 
patch. This capacitance tunes the an- 
tenna to a lower operating frequency. 
During the design-synthesis process, 
the inductances and capacitances of 
the actuators and their locations in the 
patch should be taken into account in 
order to ensure constant input imped- 
ance. 

The antenna depicted in Figure 2 is 
designed to support two degenerate or- 
thogonal modes when excited at a cor- 
ner. When the MEMS actuator in this 
antenna is in the “off’ state, the pertur- 
bation of the modes is negligible and 
the patch radiates a circularly polarized 
wave. When the actuator is in the “on” 
state, the phase relation between the 
two modes is perturbed to a degree that 
causes the patch to radiate dual linearly 
polarized waves. 

This work was done by Rainee N. Simons of 
Glenn Research Center. Further informa- 
tion is contained in a TSP ( seepage 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleveland 
Ohio 44135. Refer to LEW-1 7389. 
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Software 


Traffic-Light-Preemption 
Vehicle-Transponder 
Software Module 

A prototype wireless data-communi- 
cation and control system automati- 
cally modifies the switching of traffic 
lights to give priority to emergency ve- 
hicles. The system, which was reported 
in several NASA Tech Briefs articles at 
earlier stages of development, includes 
a transponder on each emergency ve- 
hicle, a monitoring and control unit 
(an intersection controller) at each in- 
tersection equipped with traffic lights, 
and a central monitoring subsystem. 
An essential component of the system 
is a software module executed by a mi- 
crocontroller in each transponder. 
This module integrates and broadcasts 
data on the position, velocity, accelera- 
tion, and emergency status of the vehi- 
cle. The position, velocity, and acceler- 
ation data are derived partly from the 
Global Positioning System, partly from 
deductive reckoning, and partly from a 
diagnostic computer aboard the vehi- 
cle. The software module also monitors 
similar broadcasts from other vehicles 
and from intersection controllers, in- 
forms the driver of which intersections 
it controls, and generates visible and 
audible alerts to inform the driver of 
any other emergency vehicles that are 
close enough to create a potential haz- 
ard. The execution of the software 
module can be monitored remotely 
and the module can be upgraded re- 
motely and, hence, automatically. 

This program was written by Aaron 
Bachelder and Conrad Foster of Caltech for 
NASA’s Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
page 1). 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-30445. 


® Intersection-Controller 
Software Module 

An important part of the emergency- 
vehicle traffic-light-preemption system 
summarized in the preceding article is 
a software module executed by a mi- 
crocontroller in each intersection con- 
troller. This module monitors the 
broadcasts from all nearby participat- 


ing emergency vehicles and intersec- 
tions. It gathers the broadcast data per- 
taining to the positions and velocities 
of the vehicles and the timing of traffic 
and pedestrian lights and processes the 
data into predictions of the future po- 
sitions of the vehicles. Analyzing the 
predictions by a combination of prox- 
imity tests, map-matching techniques, 
and statistical calculations designed to 
minimize the adverse effects of uncer- 
tainties in vehicle positions and head- 
ings, the module decides whether to 
preempt and issues the appropriate 
commands to the traffic lights, pedes- 
trian lights, and electronic warning 
signs at the intersection. The module 
also broadcasts its state to all nearby ve- 
hicles and intersections. The module is 
designed to mitigate the effects of miss- 
ing data and of unpredictable delays in 
the system. It has been intensively 
tested and refined so that it fails to 
warn in very few cases and issues very 
few false warnings. 

This program was written by Aaron 
Bachelder and Conrad Foster of Caltech for 
NASA’s Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
page 1). 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-30446. 


^ Central-Monitor 
Software Module 

One of the software modules of the 
emergency-vehicle traffic-light-preemp- 
tion system of the two preceding arti- 
cles performs numerous functions for 
the central monitoring subsystem. This 
module monitors the states of all units 
(vehicle transponders and intersection 
controllers) : It provides real-time access 
to the phases of traffic and pedestrian 
lights, and maps the positions and 
states of all emergency vehicles. Most of 
this module is used for installation and 
configuration of units as they are added 
to the system. The module logs all ac- 
tivity in the system, thereby providing 
information that can be analyzed to 
minimize response times and optimize 
response strategies. The module can be 
used from any location within commu- 
nication range of the system; with 


proper configuration, it can also be 
used via the Internet. It can be inte- 
grated into call-response centers, where 
it can be used for alerting emergency 
vehicles and managing their responses 
to specific incidents. A variety of utility 
subprograms provide access to any or 
all units for purposes of monitoring, 
testing, and modification. Included are 
“sniffer” utility subprograms that moni- 
tor incoming and outgoing data for ac- 
curacy and timeliness, and that quickly 
and autonomously shut off malfunc- 
tioning vehicle or intersection units. 

This program was written by Aaron 
Bachelder and Conrad Foster of Caltech for 
NASA’s Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
page 1). 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-30447. 


Estimating Effects of Multi- 
path Propagation on 
GPS Signals 

Mu ltipath Simulator Taking into Ac- 
count Reflection and Diffraction (MUS- 
TARD) is a computer program that sim- 
ulates effects of multipath propagation 
on received Global Positioning System 
(GPS) signals. MUSTARD is a very effi- 
cient means of estimating multipath-in- 
duced position and phase errors as 
functions of time, given the positions 
and orientations of GPS satellites, the 
GPS receiver, and any structures near 
the receiver as functions of time. MUS- 
TARD traces each signal from a GPS 
satellite to the receiver, accounting for 
all possible paths the signal can take, in- 
cluding all paths that include reflection 
and/ or diffraction from surfaces of 
structures near the receiver and on the 
satellite. Reflection and diffraction are 
modeled by use of the geometrical the- 
ory of diffraction. The multipath signals 
are added to the direct signal after ac- 
counting for the gain of the receiving 
antenna. Then, in a simulation of a 
delay-lock tracking loop in the receiver, 
the multipath-induced range and phase 
errors as measured by the receiver are 
estimated. All of these computations are 
performed for both right circular polar- 
ization and left circular polarization of 
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both the LI (1.57542-GHz) and L2 
(1.2276-GHz) GPS signals. 

This program was written by Sung Byun, 
George Hajj, and Lawrence Young of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1 ).. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-40463. 


© Parallel Adaptive Mesh 
Refinement Library 

Parallel Adaptive Mesh Refinement 
Library (PARAMESH) is a package of 
Fortran 90 subroutines designed to pro- 
vide a computer programmer with an 
easy route to extension of (1) a previ- 
ously written serial code that uses a logi- 
cally Cartesian structured mesh into (2) 
a parallel code with adaptive mesh re- 
finement (AMR) . Alternatively, in its 
simplest use, and with minimal effort, 
PARAMESH can operate as a domain- 
decomposition tool for users who want 
to parallelize their serial codes but who 
do not wish to utilize adaptivity. The 
package builds a hierarchy of sub-grids 
to cover the computational domain of a 
given application program, with spatial 
resolution varying to satisfy the demands 
of the application. The sub-grid blocks 
form the nodes of a tree data structure 
(a quad-tree in two or an oct-tree in 
three dimensions). Each grid block has 
a logically Cartesian mesh. The package 
supports one-, two- and three-dimen- 
sional models. 

This program was written by Peter Mac- 
Neice of Raytheon/STX and Kevin Olson of 
George Mason University for Goddard Space 
Flight Center. For further information, access 
http://sdcd.gsfc. nasa.gov/RIB/repositories/ in 
house_gsfc/Users_manual/ amrjtutorial. html. 
GSC-14626-1 


© Space Physics Data Facility 
Web Services 

The Space Physics Data Facility 
(SPDF) Web services provides a distrib- 
uted programming interface to a por- 
tion of the SPDF software. (A general 
description of Web services is available 
at http://www.w3.org/ and in many cur- 
rent software-engineering texts and arti- 
cles focused on distributed program- 
ming.) The SPDF Web services 

distributed programming interface en- 
ables additional collaboration and inte- 


gration of the SPDF software system 
with other software systems, in further- 
ance of the SPDF mission to lead collab- 
orative efforts in the collection and uti- 
lization of space physics data and 
mathematical models. This program- 
ming interface conforms to all applica- 
ble Web services specifications of the 
World Wide Web Consortium. The in- 
terface is specified by a Web Services 
Description Language (WSDL) file. The 
SPDF Web services software consists of 
the following components: 

• A server program for implementation 
of the Web services; and 

• A software developer’s kit that consists 
of a WSDL file, a less formal descrip- 
tion of the interface, a Java class li- 
brary (which further eases develop- 
ment of Java-based client software), 
and Java source code for an example 
client program that illustrates the use 
of the interface. 

This program was written by Robert M. Can- 
dry, Bernard T. Harris, and Reine A. Chimiak 

o/Goddard Space Flight Center. For further 
information, access http://spdf.gsfc.nasa.gov/. 
GSC-14730-1 


Predicting Noise From 
Aircraft Turbine- 
Engine Combustors 

COMBUSTOR and CNOISE are com- 
puter codes that predict far-field noise 
that originates in the combustors of 
modern aircraft turbine engines — es- 
pecially modern, low-gaseous-emission 
engines, the combustors of which some- 
times generate several decibels more 
noise than do the combustors of older 
turbine engines. COMBUSTOR imple- 
ments an empirical model of combustor 
noise derived from correlations between 
engine-noise data and operational and 
geometric parameters, and was devel- 
oped from databases of measurements 
of acoustic emissions of engines. 
CNOISE implements an analytical and 
computational model of the propaga- 
tion of combustor temperature fluctua- 
tions (hot spots) through downstream 
turbine stages. Such hot spots are known 
to give rise to far-field noise. CNOISE is 
expected to be helpful in determining 
why low-emission combustors are some- 
times noisier than older ones, to provide 
guidance for refining the empirical cor- 
relation model embodied in the COM- 
BUSTOR code, and to provide insight 
on how to vary downstream turbine- 
stage geometry to reduce the contribu- 
tion of hot spots to far-field noise. 


These programs were written by P. Gliebe, R 
Mani, S. Salamah, and R Coffin of General 
Electric Co. and Jayesh Mehta ofDiversitec, Inc., 
for Glenn Research Center. Further informa- 
tion is contained in a TSP (seepage 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-1 7385-1. 


^ Generating Animated Dis- 
plays of Spacecraft Orbits 

Tool for Interactive Plotting, Sonifica- 
tion, and 3D Orbit Display (TIPSOD) is a 
computer program for generating inter- 
active, animated, four-dimensional 
(space and time) displays of spacecraft 
orbits. TIPSOD utilizes the program- 
ming interface of the Satellite Situation 
Center Web (SSCWeb) services to com- 
municate with the SSC logic and data- 
base by use of the open protocols of the 
Internet. TIPSOD is implemented in Java 
3D and effects an extension of the pre- 
existing SSCWeb two-dimensional static 
graphical displays of orbits. Orbits can be 
displayed in any or all of the following 
seven reference systems: true-of-date (an 
inertial system), J2000 (another inertial 
system), geographic, geomagnetic, geo- 
centric solar ecliptic, geocentric solar 
magnetospheric, and solar magnetic. In 
addition to orbits, TIPSOD computes 
and displays Sibeck’s magnetopause and 
Fairfield’s bow-shock surfaces. TIPSOD 
can be used by the scientific community 
as a means of projection or interpreta- 
tion. It also has potential as an educa- 
tional tool. Documentation and links for 
downloading the software can be found 
at http://sscweb.gsfc.gov/ tipsod/. 

This program was written by Robert M. Can- 
dey, Reine A. Chimiak, and Bernard T. Harris 
of Goddard Space Flight Center. For more 
information contact the Goddard Commercial 
Technology Office at (301 ) 286-5810. 
GSC-14732-1 


© Diagnosis and Prognosis of 
Weapon Systems 

The Prognostics Framework is a set of 
software tools with an open architecture 
that affords a capability to integrate var- 
ious prognostic software mechanisms 
and to provide information for opera- 
tional and battlefield decision-making 
and logistical planning pertaining to 
weapon systems. The Prognostics 
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Framework is also a system-level 
“health”-management software system 
that (1) receives data from perfor- 
mance-monitoring and built-in-test sen- 
sors and from other prognostic software 
and (2) processes the received data to 
derive a diagnosis and a prognosis for a 
weapon system. This software relates the 
diagnostic and prognostic information 
to the overall health of the system, to 
the ability of the system to perform spe- 
cific missions, and to needed mainte- 
nance actions and maintenance re- 
sources. In the development of the 
Prognostics Framework, effort was fo- 
cused primarily on extending previously 
developed model-based diagnostic-rea- 
soning software to add prognostic rea- 
soning capabilities, including capabili- 
ties to perform statistical analyses and to 
utilize information pertaining to deteri- 
oration of parts, failure modes, time 
sensitivity of measured values, mission 
criticality, historical data, and trends in 
measurement data. As thus extended, 
the software offers an overall health- 
monitoring capability. 

This program was written by Mary Nolan, 
Rebecca Catania, and Gregory deMare of 
Giordano Automation Corp. for Marshall 
Space Flight Center. Further information is 
contained in a TSP (see page 1 ). 

MFS-31 644 


Training Software in Artifi- 
cial-Intelligence Computing 
Techniques 

The Artificial Intelligence (AI) Toolkit 
is a computer program for training scien- 
tists, engineers, and university students in 
three soft-computing techniques (fuzzy 
logic, neural networks, and genetic algo- 
rithms) used in artificial-intelligence ap- 
plications. The program promotes an eas- 
ily understandable tutorial interface, 
including an interactive graphical compo- 
nent through which the user can gain 
hands-on experience in soft-computing 
techniques applied to realistic example 
problems. The tutorial provides step-by- 
step instructions on the workings of soft- 
computing technology, whereas the 
hands-on examples allow interaction and 
reinforcement of the techniques ex- 
plained throughout the tutorial. In the 
fuzzy-logic example, a user can interact 
with a robot and an obstacle course to ver- 
ify how fuzzy logic is used to command a 
rover traverse from an arbitrary start to 
the goal location. For the genetic algo- 
rithm example, the problem is to deter- 
mine the minimum-length path for visit- 


ing a user-chosen set of planets in the solar 
system. For the neural-network example, 
the problem is to decide, on the basis of 
input data on physical characteristics, 
whether a person is a man, woman, or 
child. The AI Toolkit is compatible with 
the Windows 95,98, ME, NT 4.0, 2000, and 
XP operating systems. A computer having 
a processor speed of at least 300 MHz, and 
random-access memory of at least 56MB is 
recommended for optimal performance. 
The program can be run on a slower com- 
puter having less memory, but some func- 
tions may not be executed properly. 

This program was written by Ayanna 
Howard, Eric Rogstad, and Eugene Chal- 
fant of Caltech for NASA’s Jet Propulsion 
Laboratory. Further information is con- 
tained in a TSP (see page 1 ). 

This software is available for commercial li- 
censing. Please contact Don Hart of the Cali- 
fornia Institute of Technology at (818) 393- 
3425. Refer to NPO-40496. 


O APGEN Version 5.0 

Activity Plan Generator (APGEN) , now 
at version 5.0, is a computer program that 
assists in generating an integrated plan of 
activities for a spacecraft mission that does 
not oversubscribe spacecraft and ground 
resources. APGEN generates an interac- 
tive display, through which the user can 
easily create or modify the plan. The dis- 
play summarizes the plan by means of a 
time line, whereon each activity is repre- 
sented by a bar stretched between its be- 
ginning and ending times. Activities can 
be added, deleted, and modified via sim- 
ple mouse and keyboard actions. The use 
of resources can be viewed on resource 
graphs. Resource and activity constraints 
can be checked. Types of activities, re- 
sources, and constraints are defined by 
simple text files, which the user can mod- 
ify. In one of two modes of operation, 
APGEN acts as a planning expert assistant, 
displaying the plan and identifying prob- 
lems in the plan. The user is in charge of 
creating and modifying the plan. In the 
other mode, APGEN automatically creates 
a plan that does not oversubscribe re- 
sources. The user can then manually mod- 
ify the plan. APGEN is designed to interact 
with other software that generates se- 
quences of timed commands for imple- 
menting details of planned activities. 

This program was written by Pierre 
Maldague, Dennis Page, and Adam Chase of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. Further information is contained in 
a TSP (see page 1 ). 

This software is available for commercial 


licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-40520. 


Single-Command Approach 
and Instrument Placement 
by a Robot on a Target 

AUTOAPPROACH is a computer pro- 
gram that enables a mobile robot to ap- 
proach a target autonomously, starting 
from a distance of as much as 10 m, in re- 
sponse to a single command. AUTOAP- 
PROACH is used in conjunction with (1) 
software that analyzes images acquired by 
stereoscopic cameras aboard the robot 
and (2) navigation and path-planning 
software that utilizes odometer readings 
along with the output of the image-analy- 
sis software. Intended originally for appli- 
cation to an instrumented, wheeled robot 
(rover) in scientific exploration of Mars, 
AUTOAPPROACH could be adapted to 
terrestrial applications, notably including 
the robotic removal of land mines and 
other unexploded ordnance. A human 
operator generates the approach com- 
mand by selecting the target in images ac- 
quired by the robot cameras. The ap- 
proach path consists of multiple legs. 
Feature points are derived from images 
that contain the target and are thereafter 
tracked to correct odometric errors and 
iteratively refine estimates of the position 
and orientation of the robot relative to 
the target on successive legs. The ap- 
proach is terminated when the robot at- 
tains the position and orientation re- 
quired for placing a scientific instrument 
at the target. The workspace of the robot 
arm is then autonomously checked for 
self/ terrain collisions prior to the deploy- 
ment of the scientific instrument onto 
the target. 

This program was written by Terrance 
Huntsberger and Yang Cheng of NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP (see page 1 ). 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-30529 


Three-Dimensional Audio 
Client Library 

The Three-Dimensional Audio 
Client Library (3DAudio library) is a 
group of software routines written to 
facilitate development of both 
stand-alone (audio only) and immer- 
sive virtual-reality application pro- 
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grams that utilize three-dimensional 
audio displays. The library is intended 
to enable the development of three-di- 
mensional audio client application 
programs by use of a code base com- 
mon to multiple audio server comput- 
ers. The 3DAudio library calls vendor- 
specific audio client libraries and 
currently supports the AuSIM Gold- 
Server and Lake Huron audio servers. 


3DAudio library routines contain com- 
mon functions for (1) initiation and 
termination of a client/ audio server 
session, (2) configuration-file input, 
(3) positioning functions, (4) coordi- 
nate transformations, (5) audio trans- 
port functions, (6) rendering func- 
tions, (7) debugging functions, and (8) 
event-list-sequencing functions. The 
3DAudio software is written in the C++ 


programming language and currently 
operates under the Linux, IRIX, and 
Windows operating systems. 

This program was written by Stephen A. 
Rizzi o/Langley Research Center. For fur- 
ther information, contact the Intellectual 
Property Team at (757) 864-3521. 

LAR- 16690-1 
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Materials 


$ Isogrid Membranes for Precise, Singly Curved Reflectors 

Reinforcing meshes of fibers would prevent wrinkles and ripples. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Membrane 


Stretch 



Figure 1. A Membrane Is Stretched between frame ends to make a lightweight, single-curvature reflector. 
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Figure 2. A Membrane Stretched in the X Direction contracts in the Y direction. The ratio between the 
Y contraction and the X stretch is denoted the Poisson's ratio of the membrane material. 


A new type of composite material has 
been proposed for membranes that 
would constitute the reflective surfaces of 
planned lightweight, single-curvature 
(e.g., parabolic cylindrical) reflectors for 
some radar and radio-communication sys- 
tems. The proposed composite materials 
would consist of polyimide membranes 
containing embedded grids of high- 
strength (e.g., carbon) fibers. The pur- 
pose of the fiber reinforcements, as ex- 
plained in more detail below, is to prevent 
wrinkling or rippling of the membrane. 

A membrane single-curvature reflec- 
tor is made by stretching a reflective 
membrane between frame ends that de- 
fine the specified curvature (see Figure 
1 ) . The stretching is necessary to impart 
the stiffness needed to maintain the re- 
quired curvature. Unavoidably, the 
stretching also induces a negative (com- 
pressive) strain, proportional to the 
Poisson’s ratio of the membrane mater- 
ial, in the direction perpendicular to the 
stretch direction (see Figure 2). The 
negative strain gives rise to wrinkles 
and/or ripples. In the case of a precise 
radar or radio-communication reflector, 
the degradation of performance by rip- 
ples or wrinkles would be unacceptable. 

In a membrane according to the pro- 
posal, the embedded reinforcing fibers 
would be meshed in an isogrid pattern. 
The design parameters of the fibers and 
the pattern would be chosen so that the 
fibers would carry much of the stretching 
load in such a manner as to reduce or 
eliminate the compressive strains in the 
directions perpendicular to stretching. 
From a macroscopic perspective, the re- 
duction of compressive strains could be 
characterized by a corresponding reduc- 
tion in the effective Poisson’s ratio. 

As a preliminary test of the proposal, 
computational simulations of effects of 
stretching were performed for two mem- 
branes, denoted the plain and isogrid 
membranes. The plain membrane was 
made of 2-mil (~0.05-mm) -thick poly- 
imide, without reinforcing fibers. The iso- 
grid membrane was identical to the plain 
membrane except that it contained an 
embedded mesh of high-modulus-of-elas- 
ticity carbon fibers. In the simulations, the 


membranes were stretched along one di- 
rection and their contractions along a di- 
rection perpendicular to the stretching di- 
rection were observed. For the plain 
membrane, the contraction perpendicu- 
lar to the stretching direction was 0.33 
times the stretch: in other words, the ef- 
fective Poisson’s ratio was 0.33, which is 
typical of commercially available mem- 
brane materials. For the isogrid mem- 
brane, the effective Poisson’s ratio was 


found to be 0.05. Further study will be nec- 
essary to determine whether this much re- 
duction in the effective Poisson’s ratio is 
sufficient to prevent wrinkles and ripples 
and whether further reductions in the ef- 
fective Poisson’s ratio can be achieved. 

This work was done by Houfei Fang and 
Michael Lou of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP (see page 1 ). 
NPO-40035 
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d Nickel-Tin Electrode Materials for Nonaqueous Li-Ion Cells 

Capacity densities exceed those of materials now commercially available for the same purpose. 

Lyndon B. Johnson Space Center, Houston, Texas 


Experimental materials made from 
mixtures of nickel and tin powders have 
shown promise for use as the negative 
electrodes of rechargeable lithium-ion 
electrochemical power cells. During 
charging (or discharging) of a lithium- 
ion cell, lithium ions are absorbed into 
(or desorbed from, respectively) the 
negative electrode, typically through an 
intercalation or alloying process. The 
negative electrodes (for this purpose, 
designated as anodes) in state-of-the-art 
Li-ion cells are made of graphite, in 
which intercalation occurs. Alternatively, 
the anodes can be made from metals, in 
which alloying can occur. For reasons 
having to do with the electrochemical 
potential of intercalated lithium, metal- 
lic anode materials (especially materials 
containing tin) are regarded as safer 
than graphite ones; in addition, such 
metallic anode materials have been in- 
vestigated in the hope of obtaining re- 
versible charge/discharge capacities 
greater than those of graphite anodes. 
However, until now, each of the tin-con- 
taining metallic anode formulations 
tested has been found to be inadequate 
in some respect. 


In preparation for making experi- 
mental electrodes, Ni and Sn powders 
were mixed in various proportions and 
suspended in a solution of [poly(vinyli- 
dene fluoride )-hexafluoropropylene dis- 
solved in l-methyl-2-pyrrolidinone] . (A 
carbon powder was also incorporated 
into some of the suspensions, but subse- 
quent tests revealed that better elec- 
trode performances were obtained with- 
out the carbon.) The experimental 
electrodes were then made by coating 
nickel foils with the suspensions and dry- 
ing them in air. 

The experimental electrodes were 
characterized through several tests, in- 
cluding cyclic charge/discharge tests in 
electrochemical cells of several different 
types that differed in their counter-elec- 
trode or positive-electrode materials. 
The electrolyte in each cell was a 1-M so- 
lution of LiPF6 in a mixture of 1 part eth- 
ylene carbonate with 3 parts ethyl methyl 
carbonate. In each cell, the positive elec- 
trode was separated from the experi- 
mental electrode by a sheet of microp- 
orous polyethylene. Positive electrodes 
were made, variously, of the experimen- 
tal electrode materials themselves or of 


lithium-metal, LiNii_ x Co x 02, or 
LiMn 2 C> 4 . Of the electrodes tested, the 
best results were obtained with those 
made from a mixture of 41.6 weight per- 
cent Ni powder and 58.4 weight percent 
Sn powder: These electrodes exhibited 
high specific charge/discharge capacity 
(>0.3 A-h/g), capacity density >2.5 
A-h/mL (more than three times that of 
Li-ion-cell negative-electrode materials 
now commercially available) , nearly zero 
capacity fade, low irreversible capacity 
(45 to 76 mA-h/g), and long cycle life. 

This work was done by Grant M. Ehrlich 
and Christopher Durand ofYardney Technical 
Products, Inc., for Johnson Space Center. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Yardney Technical Products, Inc. 

82 Mechanic Street 
Pawcatuck, CT 06379 
E-mail: RMScibelli@Yardney.com 
Refer to MSC-23114, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Photocatalytic Coats in Glass Drinking-Water Bottles 

Lyndon B. Johnson Space Center, Houston, Texas 


According to a proposal, the insides of 
glass bottles used to store drinking water 
would be coated with films consisting of 
or containing TiC> 2 . In the presence of ul- 
traviolet light, these films would help to 
remove bacteria, viruses, and trace or- 
ganic contaminants from the water. 

Material systems that contain TiC >2 have 
been observed to be photocatalytic and, 
in particular, to be photocatalytically ef- 
fective for destroying organic com- 
pounds. Bacteriocidal films containing 


TiC >2 have been made, but, heretofore, 
have not been exploited for bacteriologi- 
cal protection of drinking water. 

A glass bottle to be coated on the inside 
would be filled with a fluid suspension of 
TiC> 2 , then inverted. By controlling the rate 
of release of the suspension, one would 
control the thickness of the TiC >2 film de- 
posited on the inner surface of the botde. 
The bottle could then be fired to produce 
a stable, photocatalytically active TiC >2 film. 

Coating with TiC >2 may also offer an ad- 


ditional advantage by impeding the disso- 
lution of silica from the glass. TiC >2 is not 
toxic, and its solubility is much less than 
that of SiC> 2 . 

This work was done by Anders W. Andren, 
David E. Armstrong, and Marc A. Anderson 
of the University of Wisconsin - Madison for 
Johnson Space Center. For further informa- 
tion, contact the Johnson Commercial Technol- 
ogy Office at (281) 483-3809. 

MSC-22919 
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©Fast Laser Shutters With Low Vibratory Disturbances 

Opposing cantilevered piezoelectric bending actuators balance each other to minimize vibration. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The figure shows a prototype 
vacuum-compatible, fast-acting, long-life 
shutter unit that generates very little vibra- 
tory disturbance during switching. This is 
one of a number of shutters designed to 
satisfy requirements specific to an experi- 
ment, to be performed aboard a space- 
craft in flight, in which laser beams must 
be blocked rapidly and completely, with- 


out generating a vibratory disturbance 
large enough to adversely affect the power 
and frequency stability of the lasers. Com- 
mercial off-the-shelf laboratory shutter 
units — typically containing electromag- 
net-coil-driven mechanisms — were 
found not to satisfy the requirements be- 
cause they are not vacuum-compatible, 
their actuators engage in uncompensated 


motions that generate significant vibra- 
tions, and their operational lifetimes are 
too short. Going beyond the initial outer- 
space application, the present vacuum- 
compatible, fast-acting, long-life shutter 
units could also be used in terrestrial set- 
tings in which there are requirements for 
their special characteristics. 

In designing these shutter units, unbal- 
anced, electromagnetically driven mecha- 
nisms were replaced with balanced mech- 
anisms that include commercial 
piezoelectric bending actuators. In each 
shutter unit, the piezoelectric bending ac- 
tuators are configured symmetrically as 
opposing cantilever beams within a hous- 
ing that contains integral mounts for 
lenses that focus a laser beam to a waist at 
the shutter location. In operation, the 
laser beam is blocked by titanium blades 
bonded near the free ends of the piezo- 
electric benders. The benders are driven 
by shaped electrical pulses with a maxi- 
mum voltage differential of less than 60 
V. Preliminary measurements indicate 
that rise and fall times are less than 1 ms. 

This work was done by David Brinza, Don- 
ald Moore, Eric Hochberg, Tom Radey, and 
Albert Chen of Caltech for NASA’s Jet 
Propulsion Laboratory. Further informa- 
tion is contained in a TSP (seepage 1 ). 

The software used in this innovation is 
available for commercial licensing. Please 
contact Don Hart of the California Institute 
of Technology at (818) 393-3425. Refer to 
NPO-40151. 


The Prototype Shutter Unit contains titanium blades on the tips of opposing cantilever-beam piezo- 
electric bending actuators inside a housing. Lenses to focus a laser beam to a waist are mounted on 
the outside of the housing. The housing shown permits fine adjustment of the laser shutter in six de- 
grees of freedom within the laser optical bench of the flight experiment. 



© Split-Resonator, Integrated-Post Vibratory Microgyroscope 

This design is better suited to mass production. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An improved design for a capacitive- 
sensing, rocking-mode vibratory micro- 
gyroscope is more amenable to mass 
production, relative to a prior design. 
Both the improved design and the prior 
design call for a central post that is part 
of a resonator that partly resembles a 
cloverleaf or a flower. The prior design 
is such that the post has to be fabricated 


as a separate piece, then bonded to the 
rest of the resonator in the correct po- 
sition and orientation. The improved 
design provides for fabrication of the 
post as an integral part of the resonator 
and, in so doing, makes it possible to 
produce a waferful of microgyroscopes, 
without need to fabricate, position, and 
attach posts. 


The improved design offers an addi- 
tional advantage over the prior design 
with respect to the fact that the prior 
design calls for the post to be fabricated 
in upper and lower halves. The lower 
half post is fabricated as part of a base- 
plate in a lower wafer that is subse- 
quently bonded to an upper wafer. 
Once the wafers are bonded, it is nec- 
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Lower and Upper Units 
Assembled and Bonded 


A Split-Resonator, Integrated-Post Vibratory Microgyroscope is made in upper and lower parts that 
are micromachined from two wafers, then bonded together. 


essary to disconnect the lower half post 
from the baseplate. For mass produc- 
tion, it would be desirable to effect this 
disconnection by etching away the post 
support on the baseplate, but it is diffi- 
cult to perform such an etch without 
damaging the microgyroscope, which, 
except for this etch, is complete at this 


stage. Therefore, instead of etching, it 
has proved necessary to perform abla- 
tion of individual supports, which en- 
tails processing time proportional to 
the number of microgyroscopes on a 
wafer. The improved design eliminates 
the need for ablation of individual sup- 
ports, thereby correspondingly reduc- 


ing processing time. 

In the improved design (see figure), 
a resonator is split into an upper and a 
lower half, which are micromachined 
out of an upper and a lower wafer, re- 
spectively. A baseplate (which supports 
the resonator and is the relatively sta- 
tionary object with respect to which the 
resonator vibrates) is likewise split into 
upper and lower halves. The upper and 
lower half resonators are offset from 
each other such that when the micro- 
machined wafers are assembled and 
bonded together, the petals of the 
upper half resonator hang over elec- 
trodes on the lower half baseplate, 
while the petals of the lower half res- 
onator hang over electrodes on the 
upper half baseplate. The capacitive 
gaps between the resonator petals and 
the baseplate are formed by opposing 
thicknesses of the half resonators. 

This work was done by Youngsam Bae, 
Ken Hayworth, and Kirill Shcheglov of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1 ). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Innovative Technology Assets Management 

JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-30613, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


© Blended Buffet-Load-Alleviation System for Fighter Airplane 

Reductions in buffet loads translate to longer fatigue lives. 

Langley Research Center, Hampton, Virginia 


The capability of modern fighter air- 
planes to sustain flight at high angles of 
attack and/or moderate angles of 
sideslip often results in immersion of 
part of such an airplane in unsteady, 
separated, vortical flow emanating from 
its forebody or wings. The flows from 
these surfaces become turbulent and 
separated during flight under these 
conditions. These flows contain signifi- 
cant levels of energy over a frequency 
band coincident with that of low-order 
structural vibration modes of wings, 
fins, and control surfaces. The unsteady 


pressures applied to these lifting sur- 
faces as a result of the turbulent flows 
are commonly denoted buffet loads, 
and the resulting vibrations of the af- 
fected structures are known as buffet- 
ing. Prolonged exposure to buffet loads 
has resulted in fatigue of structures on 
several airplanes. Damage to airplanes 
caused by buffeting has led to redesigns 
of airplane structures and increased 
support costs for the United States Air 
Force and Navy as well as the armed 
forces of other countries. Time spent 
inspecting, repairing, and replacing 


structures adversely affects availability 
of aircraft for missions. 

A blend of rudder-control and piezo- 
electric-actuator engineering concepts 
was selected as a basis for the design of 
a vertical-tail buffet-load-alleviation sys- 
tem for the F/A-18 airplane. In this sys- 
tem, the rudder actuator is used to con- 
trol the response of the first tail 
vibrational mode (bending at a fre- 
quency near 15 Hz), while directional 
patch piezoelectric actuators are used 
to control the second tail vibrational 
mode (tip torsion at a frequency near 
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45 Hz) . This blend of two types of actu- 
ator utilizes the most effective features 
of each. 

An analytical model of the aeroser- 
voelastic behavior of the airplane 
equipped with this system was validated 
by good agreement with measured re- 
sults from a full-scale ground test, 
flight-test measurement of buffet re- 
sponse, and an in-flight commanded 
rudder frequency sweep. The overall 


performance of the system was found to 
be characterized by reductions, ranging 
from 70 to 30 percent, in vertical-tail 
buffeting under buffet loads ranging 
from moderate to severe. These reduc- 
tions were accomplished with a maxi- 
mum commanded rudder angle of ±2° 
at 15 Hz and about 10 lb (=4.5 kg) of 
piezoelectric actuators attached to the 
vertical tail skin and operating at a peak 
power level of 2 kW. By meeting the de- 


sign objective, this system would extend 
the vertical-tail fatigue life beyond two 
aircraft lifetimes. This system is also 
adaptable to other aircraft surfaces and 
other aircraft. 

This work was done by Robert W. Moses 
of Langley Research Center. For further 
information, contact the Intellectual Prop- 
erty Team at (757) 864-3521. 

LAR- 163 75-1 
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Machinery /Automation 


& Gifford-McMahon/Joule-Thomson Refrigerator Cools to 2.5 K 

This system is relatively simple. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A compact refrigerator designed 
specifically for cooling a microwave 
maser low-noise amplifier is capable of 
removing heat at a continuous rate of 
180 mW at a temperature of 2.5 K. This 
refrigerator is a combination of (1) a 
commercial Gifford-McMahon (GM) re- 
frigerator nominally rated for cooling to 
4 K and (2) a Joule-Thomson (J-T) cir- 
cuit. The GM refrigerator pre-cools the 
J-T circuit, which provides the final 
stage of cooling. The refrigerator is 
compact and capable of operating in 
any orientation. Moreover, in compari- 
son with a typical refrigerator hereto- 
fore used to cool a maser to 4.5 K, this 
refrigerator is simpler and can be built 
at less than half the cost. 

The figure is a flow diagram of the re- 
frigerator. The GM refrigerator com- 
prises two stages. The first GM stage 
nominally provides 50 W of cooling 
power at a temperature of 50 K. The 
second GM stage nominally provides 
1.5 W at 4.2 K. The working fluid of the 
J-T circuit is helium, which is supplied 
at ambient temperature at a pressure of 
110 kPa. The J-T helium is circulated by 
means of a commercial scroll vacuum 


pump that does not use any oil and 
hence does not contaminate the he- 
lium. 

In the J-T circuit, the helium flowing 
toward a cold plate (the final, coldest 
stage) passes though a first-stage coun- 
terflow heat exchanger, where it is 
cooled by the helium in the return flow 
that has passed from the cold plate 
through a second-stage counterflow 
heat exchanger. The helium then passes 
through the first GM stage, where it is 
cooled to a temperature between 35 and 
40 K. After the first GM stage, the he- 
lium flows through the second-stage 
counterflow heat exchanger, wherein it 
is cooled by helium returning from the 
cold plate. The helium then passes 
through the GM second stage, where it is 
cooled to between 3.5 and 4.2 K. 

The flow is then throttled by means of 
an externally adjustable expansion valve 
(a J-T valve) to the final-stage (cold- 
plate) operating temperature and pres- 
sure. The temperature at the final stage 
is the saturation temperature of helium 
at the pressure in that stage. From the 
final stage, the helium returns through 
the heat exchangers as mentioned be- 


fore, and is then compressed back to 
the supply pressure and recycled. 

The cooling to <4.2 K in the GM sec- 
ond stage makes it possible to liquefy the 
helium immediately prior to the J-T ex- 
pansion. This enables the refrigerator to 
operate without the third-stage heat ex- 
changer that would otherwise be needed 
in the J-T circuit. Elimination of the 
third-stage heat exchanger reduces both 
the cool-down time and the complexity 
of the system. 

During cool-down, helium is sup- 
plied from an external helium bottle 
through a regulator that maintains its 
pressure at 110 kPa. Once the cooler 
has reached thermal equilibrium, no 
more helium is supplied from the ex- 
ternal bottle. Thereafter, an external 
buffer tank accommodates small 
changes in the helium pressure with 
changes in the cooling load, and an ex- 
ternal relief valve prevents the pressure 
from rising above 130 kPa. 

This work was done by Michael Britcliffe, Jose 
Fernandez, and Theodore Hanson of Caltech for 
NASA’s Jet Propulsion Laboratory. Further in- 
formation is contained in a TSP ( seepage 1 ). 
NPO-30661 


Vacuum Housing 



This Refrigeration System is a combination of a commercial Gifford-McMahon refrigerator and a simplified Joule-Thomson circuit. 
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# High-Temperature, High-Load-Capacity Radial Magnetic Bearing 

Speed and temperature limits of rolling-element bearings can be exceeded. 

John H. Glenn Research Center, Cleveland, Ohio 


A radial heteropolar magnetic bear- 
ing capable of operating at a tempera- 
ture as high as 1,000 °F (-540 °C) has 
been developed. This is a prototype of 
bearings for use in gas turbine engines 
operating at temperatures and speeds 
much higher than can be withstood by 
lubricated rolling-element bearings. 

It is possible to increase the maxi- 
mum allowable operating temperatures 
and speeds of rolling-element bearings 
by use of cooling-air systems, sophisti- 
cated lubrication systems, and rotor-vi- 
bration-damping systems that are sub- 
systems of the lubrication systems, but 
such systems and subsystems are trou- 
blesome. In contrast, a properly de- 
signed radial magnetic bearing can sus- 
pend a rotor without contact, and, 
hence, without need for lubrication or 
for cooling. Moreover, a magnetic bear- 
ing eliminates the need for a separate 
damping system, inasmuch as a damp- 
ing function is typically an integral part 
of the design of the control system of a 
magnetic bearing. 

The present high-temperature radial 
heteropolar magnetic bearing has a 
unique combination of four features 


that contribute to its suitability for the 
intended application: 

1. The wires in its electromagnet coils 
are covered with an insulating mater- 
ial that does not undergo dielectric 
breakdown at high temperature and 
is pliable enough to enable the wind- 
ing of the wires to small radii. 

2. The processes used in winding and 
potting of the coils yields a packing 
factor close to 0.7 — a relatively high 
value that helps in maximizing the 
magnetic fields generated by the coils 
for a given supplied current. These 
processes also make the coils struc- 
turally robust. 

3. The electromagnets are of a modular 
C-core design that enables replace- 
ment of components and semiauto- 
mated winding of coils. 

4. The stator is mounted in such a man- 
ner as to provide stable support under 
radial and axial thermal expansion 
and under a load as large as 1,000 lb 
(-4.4 kN). 

In a test, the bearing was shown to 
suspend a rotor stably at a speed of 
25,000 rpm at a temperature of 1,000 
°F (-540 °C). The static load capacity 


and power demand were measured as 
functions of supplied current, air gap, 
rotor speed, and temperature. Fault 
tolerance was demonstrated at 15,000 
rpm and 1,000 °F (-540 °C) by inten- 
tionally disabling power and maintain- 
ing a stably levitated rotor. At the time 
of reporting the information for this 
article, the bearing had withstood 
more than 30 hours of operation that 
included 18 thermal cycles up to 1,000 
°F (-540 °C). The bearing had also 
been operated for hundreds of hours 
at lower temperatures. 

This work was done by Andrew Provenza 
of Glenn Research Center, Gerald Mon- 
tague and Albert Kascak of the U.S. Army Re- 
search Laboratory; Alan Palazzolo of Texas 
A&M University; and Ralph Jansen, Mark 
Jansen, and Ben Ebihara of the University of 
Toledo. Further information is contained in a 
TSP (see page 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-17545-1. 
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S Fabrication of Spherical Reflectors in Outer Space 

Process takes advantage of vacuum. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A process is proposed for fabrication of 
lightweight spherical reflectors in outer 
space for telescopes, radio antennas, and 
light collectors that would be operated 
there. The process would obviate the rel- 
atively massive substrates and frames 


needed to support such reflectors in nor- 
mal Earth gravitation. According to the 
proposal, fabrication of a reflector would 
begin with blowing of a bubble to the 
specified reflector radius. Taking advan- 
tage of the outer-space vacuum as a suit- 


able environment for evaporative deposi- 
tion of metal, a metal-evaporation source 
would be turned on and moved around 
the bubble to deposit a reflective metal 
film over the specified reflector area to a 
thickness of several microns. Then the 
source would be moved and aimed to de- 
posit more metal around the edge of the 
reflector area, increasing the thickness 
there to =100 pm to form a frame. Then 
the bubble would be deflated and peeled 
off the metal, leaving a thin-film spherical 
mirror having an integral frame. The mir- 
ror would then be mounted for use. 

The feasibility of this technology has 
been proved by fabricating a prototype 
at JPL. As shown in the figure, a 2-in. 
(=5-cm) diameter hemispherical proto- 
type reflector was made from a polymer 
bubble coated with silver, forming a very 
smooth surface. 

This work was done by Yu Wang, Jennifer 
Dooley, and Mark Dragovan of Caltech and 
Wally Serivens of the University of South Car- 
olina for NASA’s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1 ). NPO-30649 



A Prototype Reflector was successfully produced, showing that the proposed fabrication is practicable. 


§ Automated Rapid Prototyping of 3D Ceramic Parts 

Unlike in prior rapid-prototyping processes, there is no manual stacking of sheets. 

Marshall Space Flight Center, Alabama 


An automated system of manufactur- 
ing equipment produces three-dimen- 
sional (3D) ceramic parts specified by 
computational models of the parts. The 
system implements an advanced, auto- 
mated version of a generic rapid-proto- 
typing process in which the fabrication 
of an object having a possibly complex 
3D shape includes stacking of thin 
sheets, the outlines of which closely ap- 
proximate the horizontal cross sections 
of the object at their respective heights, 
tn this process, the thin sheets are made 
of a ceramic precursor material, and the 
stack is subsequently heated to trans- 
form it into a unitary ceramic object. 

In addition to the computer used to 
generate the computational model of 


the part to be fabricated, the equip- 
ment used in this process includes: 

•A commercially available laminated-ob- 
ject-manufacturing machine that was 
originally designed for building woodlike 
3D objects from paper and was modified 
to accept sheets of ceramic precursor ma- 
terial, and 

• A machine designed specifically to feed 
single sheets of ceramic precursor ma- 
terial to the laminated-object-manufac- 
turing machine. 

Like other rapid-prototyping 
processes that utilize stacking of thin 
sheets, this process begins with genera- 
tion of the computational model of the 
part to be fabricated, followed by com- 
putational sectioning of the part into lay- 


ers of predetermined thickness that col- 
lectively define the shape of the part. In- 
formation about each layer is transmit- 
ted to rapid-prototyping equipment, 
where the part is built layer by layer. 

What distinguishes this process from 
other rapid-prototyping processes that 
utilize stacking of thin sheets are the de- 
tails of the machines and the actions that 
they perform. In this process, flexible 
sheets of ceramic precursor material 
(called “green” ceramic sheets) suitable 
for lamination are produced by tape cast- 
ing. The binder used in the tape casting 
is specially formulated to enable lamina- 
tion of layers with little or no applied 
heat or pressure. The tape is cut into in- 
dividual sheets, which are stacked in the 
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sheet-feeding machine until used. The 
sheet-feeding machine can hold enough 
sheets for about 8 hours of continuous 
operation. 

A vacuum chuck in the sheet-feeding 
machine picks up a single green ceramic 
sheet. The sheet is then coated with a 
lamination-aiding material. The coated 
sheet is wrapped around a roller, on 
which it is transported into the lami- 
nated-object-manufacturing machine. 
There, the roller is actuated in such a 
manner as to laminate the coated sheet 
onto the stack of previously laminated 
and cut sheets. 

Once the sheet has been thus incor- 
porated as the top layer of the stack, con- 
trol of the operation is passed back to 
the laminated-object-manufacturing ma- 
chine. A carbon dioxide laser that is part 
of the laminated-object-manufacturing 
machine cuts the desired cross-sectional 
outline out of the top layer. (To make 
this possible, the laser operating para- 
meters are adjusted, in accordance with 


the composition and thickness of the lay- 
ers, so that only the top layer is cut.) The 
motion of the laser and thus the cutting 
path are determined by the computa- 
tional specification of the cross-section 
represented by the just-added top layer. 

The excess layer material lying outside 
the cross section is temporarily left in 
place to provide support as the 3D object 
is built. In addition to cutting the outline 
of the cross section, the laser cuts the ex- 
cess layer material into tiles to facilitate 
removal of supporting material from 
around the 3D object after completion of 
the stack. After the cutting is finished, 
control is passed back to the sheet-feed- 
ing machine, which then laminates the 
next sheet onto the stack. The laminating 
and cutting steps are repeated until the 
stack is complete. The supporting mater- 
ial is then removed. Finally, the green ce- 
ramic stack is heat-treated in a furnace to 
remove the binder and sinter the ceramic 
to high density. This process has been 
used to make objects from diverse engi- 


neered ceramics, including alumina, zir- 
conia, silicon carbide, aluminum nitride, 
silicon nitride, aluminum silicates, hy- 
droxyapatite, and various titanates. 

This work was done by Scott G. McMillin, 
Eugene A. Griffin, and Curtis W. Griffin of 
Lone Peak Engineering, Inc.; and Peter W. 
H. Coles and James D. Engle, Jr., of Automa- 
tion Engineering, LLC for Marshall Space 
Flight Center. For further information, con- 
tact the company at www.javelin3d. com. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 

Curtis Griffin 

Lone Peak Engineering, Inc. 

470 W Lawndale Dr., Suite G 
Salt Lake City, UT 84115 
Telephone No.: (801) 466-5518; 

Fax No.: (801) 466-5817 
Refer to MFS-31306, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Tissue Engineering Using Transfected Growth-Factor Genes 

Cells, matrices, and bioreactors are tailored to promote functional tissue engineering of cartilage. 

Lyndon B. Johnson Space Center, Houston, Texas 


A method of growing bioengineered 
tissues includes, as a major component, 
the use of mammalian cells that have 
been transfected with genes for secretion 
of regulator and growth-factor sub- 
stances. In a typical application, one ei- 
ther seeds the cells onto an artificial ma- 
trix made of a synthetic or natural 
biocompatible material, or else one cul- 
tures the cells until they secrete a desired 
amount of an extracellular matrix. If 
such a bioengineered tissue construct is 
to be used for surgical replacement of in- 
jured tissue, then the cells should prefer- 
ably be the patient’s own cells or, if not, 
at least cells matched to the patient’s 
cells according to a human-leucocyte- 
antigen (HLA) test. The bioengineered 
tissue construct is typically implanted in 
the patient’s injured natural tissue, 
wherein the growth-factor genes en- 
hance metabolic functions that promote 
the in vitro development of functional tis- 
sue constructs and their integration with 
native tissues. If the matrix is biodegrad- 
able, then one of the results of metabo- 
lism could be absorption of the matrix 
and replacement of the matrix with tis- 
sue formed at least partly by the trans- 
fected cells. 

The method was developed for articu- 
lar chondrocytes but can (at least in 
principle) be extended to a variety of 
cell types and biocompatible matrix ma- 
terials, including ones that have been ex- 
ploited in prior tissue-engineering meth- 
ods. Examples of cell types include 
chondrocytes, hepatocytes, islet cells, 
nerve cells, muscle cells, other organ 
cells, bone- and cartilage-forming cells, 


epithelial and endothelial cells, connec- 
tive-tissue stem cells, mesodermal stem 
cells, and cells of the liver and the pan- 
creas. Cells can be obtained from cell- 
line cultures, biopsies, and tissue banks. 
Genes, molecules, or nucleic acids that 
secrete factors that influence the growth 
of cells, the production of extracellular 
matrix material, and other cell functions 
can be inserted in cells by any of a vari- 
ety of standard transfection techniques. 

The method was developed for polyg- 
lycolic acid scaffolds, but can (at least in 
principle) be extended to other 
biodegradable matrix materials, which 
include collagen, fibrin, and poly(lactic 
acid) [PLA], poly (glycolic acid) [PGA], 
and PLA/PGA copolymers. Non- 
biodegradable matrix materials include 
polystyrene, polyesters, polypropylene, 
and numerous other polymers. Prefer- 
ably, the matrix for a given therapeutic 
application should be fabricated so as 
to have a microstructure similar to that 
of the extracellular matrix to be re- 
placed. Mechanical loads imposed on 
the matrix by the surrounding tissue in- 
fluence the cells on and in the matrix 
in such a manner as to promote the re- 
generation of an extracellular matrix 
that has the proper microstructure. 
The cross-link density of the matrix can 
be tailored in fabrication in order to 
tailor the mechanical properties of the 
matrix and, in the case of a biodegrad- 
able matrix, to tailor the rate of its 
biodegradation. The shape and size of 
the matrix and the implant made from 
it should, of course, be chosen to suit 
the implant site and tissue type. The 


matrix material can be coated with ma- 
terials that promote specific adhesion 
and metabolic behavior of both trans- 
fected cells and native cells. 

Another important consideration in the 
design of a matrix is porosity. Pores must be 
large enough that cells can reside within 
them and that nutrients can migrate to the 
cells and waste products can diffuse away 
from the cells. Typical pore sizes range 
from 50 to 300 pm; the size or range of sizes 
can be chosen to obtain the cell behavior 
and matrix properties desired for a given 
application. Moreover, the range of pore 
sizes for a given application can be chosen 
to promote a specific timetable and 
amount of vascular ingrowth from the sur- 
rounding tissue as well as migration of na- 
tive cells. 

This work was done by Henning Madry, 
Robert S. Langer, Lisa E. Freed, Stephen Trippel, 
and Gordana Vunjak-Novakovic of Massachu- 
setts Institute of Technology for Johnson Space 
Center. 

In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this inven- 
tion. Inquiries concerning rights for its commer- 
cial use should be addressed to: 

Technology Licensing Office 
Massachusetts Institute of Technology 
Five Cambridge Center, Kendall Square 
Room NE25-230 
Cambridge, MA 02142-1493 
Phone: (617) 253-6966 
Fax: (617) 258-6790 
E-mail: tb@mit.edu 

Refer to MSC-23352, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 


® Automation of Vapor-Diffusion Growth of Protein Crystals 

High-throughput experiments are accelerated through automation of routine operations. 

Marshall Space Flight Center, Alabama 


Some improvements have been made 
in a system of laboratory equipment devel- 
oped previously for studying the crystal- 
lization of proteins from solution by use of 
dynamically controlled flows of dry gas. 
The improvements involve mainly (1) au- 


tomation of dispensing of liquids for start- 
ing experiments, (2) automatic control of 
drying of protein solutions during the ex- 
periments, and (3) provision for auto- 
mated acquisition of video images for 
monitoring experiments in progress and 


for post-experiment analysis. 

The automation of dispensing of liq- 
uids was effected by adding an automated 
liquid-handling robot that can aspirate 
source solutions and dispense them in ei- 
ther a hanging-drop or a sitting-drop con- 
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figuration, whichever is specified, in each 
of 48 experiment chambers. A video cam- 
era of approximately the size and shape 
of a lipstick dispenser was added to a mo- 
bile stage that is part of the robot, in 
order to enable automated acquisition of 
images in each experiment chamber. The 
experiment chambers were redesigned to 
enable the use of sitting drops, enable 
backlighting of each specimen, and facil- 
itate automation. 


The evaporation of water from the 
protein solution in each chamber can 
be controlled independently of the 
evaporation in the other chambers. 
Hence, a total of 48 unique evapora- 
tion-rate-versus-time profiles can be 
tested simultaneously. Interface soft- 
ware was written for use in controlling 
all aspects of operation of the system. 
The software also enables the user to 
specify the evaporation profile for each 


chamber and provides for automatic ac- 
quisition of the images from each ex- 
periment chamber and the storage of 
the images for later analysis. 

This work was done by David T. Hamrick of 
Diversified Scientific, Inc., and Terry L. Bray of 
the University of Alabama at Birmingham for 
Marshall Space Flight Center. For further in- 
formation, access http://www.dsitech.com/. 
MFS-31 926 
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@ Atom Skimmers and Atom Lasers Utilizing Them 

Atom skimmers act as conduits and low-pass velocity filters. 

John H. Glenn Research Center, Cleveland, Ohio 


Atom skimmers are devices that act as 
low-pass velocity filters for atoms in ther- 
mal atomic beams. An atom skimmer 
operating in conjunction with a suitable 
thermal atomic-beam source (e.g., an 
oven in which cesium is heated) can 
serve as a source of slow atoms for a mag- 
neto-optical trap or other apparatus in 
an atomic-physics experiment. Phenom- 
ena that are studied in such apparatuses 
include Bose-Einstein condensation of 
atomic gases, spectra of trapped atoms, 
and collisions of slowly moving atoms. 

An atom skimmer (see figure) in- 
cludes a curved, low-thermal-conduction 
tube that leads from the outlet of a ther- 
mal atomic-beam source to the inlet of a 
magneto-optical trap or other device in 
which the selected low-velocity atoms are 
to be used. Permanent rare-earth mag- 
nets are placed around the tube in a 
yoke of high-magnetic-permeability ma- 
terial to establish a quadrupole or octu- 
pole magnetic field leading from the 
source to the trap. The atoms are at- 
tracted to the locus of minimum mag- 
netic-field intensity in the middle of the 
tube, and the gradient of the magnetic 
field provides centripetal force that 
guides the atoms around the curve 
along the axis of the tube. The threshold 


velocity for guiding is dictated by the 
gradient of the magnetic field and the 
radius of curvature of the tube. Atoms 
moving at lesser velocities are success- 
fully guided; faster atoms strike the tube 
wall and are lost from the beam. 

tn the example of the figure, the mag- 
nets are made of NdFeB, a material that 
provides the largest fields. The inner di- 
ameter of the tube is 1 . 1 cm and the total 
arc length is 25 cm. Although a larger di- 
ameter could result in a greater flux of 
slow atoms, a smaller diameter provides a 
higher degree of thermal and pressure 
isolation between the source chamber 
and the trap chamber, which must be 
maintained cold and at ultrahigh vac- 
uum. The entrance solid angle for the 
thermal beam is improved by extending 
the octupole magnetic field to inside the 
source chamber. The magnets in the 
source chamber are made of SmCo be- 
cause the Curie temperature of this ma- 
terial is high enough to make it possible 
to retain magnetism while vacuum-bak- 
ing the magnets along with the chamber. 
The high-magnetic-permeability yoke ma- 
terial in this design is a 400-series stainless 
steel. The yokes shunt the field lines, re- 
ducing stray fields that might perturb the 
trap. They also flatten the magnetic-field 


profile, thereby widening the entrance for 
slow atoms. The yokes also increase the 
magnetic-field strength by about 50 per- 
cent in the guiding region inside the tube 
and serve as a frame for holding the mag- 
nets in the appropriate positions. 

According to a proposal, atom skim- 
mers would be utilized as coupling de- 
vices in atom-laser systems. An atom 
laser is a conceptual device, based partly 
on the concept of a Bose-Einstein con- 
densate, which is a collection of many 
atoms that have exactly the same energy 
or, equivalently, are in the same quan- 
tum state. Atom lasers would be analo- 
gous to optical lasers in some respects. 
Like beams of laser light, beams of 
atoms drawn from Bose-Einstein con- 
densates exhibit coherence and interfer- 
ence. Potential systems based on atom 
lasers could include atomic interferome- 
ters as rotation sensors and gravity gra- 
diometers, sources of atoms for precisely 
controlled deposition, and improved 
atomic clocks. The role of atom skim- 
mers in atom-laser systems could be 
analogous to that of optical fibers in op- 
tical systems. 

The atom-skimmer concept is 
amenable to miniaturization. The mag- 
netic fields needed for guiding could be 
generated by magnetic thin films de- 
posited on substrates or by electromag- 
nets in the form of microfabricated wires 
carrying electric currents. Hence, such 
systems as atomic interferometers fed by 
atom lasers and using magnetic guiding 
of atom-laser outputs could be fabricated 
with dimensions and by use of techniques 
similar to those of integrated circuits. 

This work was done by Randall Hulet, Jeff 
Tollett, Kurt Franke, Steve Moss, Charles 
Sackett, Jordan Gerton, Bita Ghaffari, W. 
McAlexander, K. Strecker, and D. Homan of 
Rice University for Glenn Research Center 
under Microgravity Fundamental Physics 
Program administered by the Jet Propulsion 
Laboratory. 

Inquiries concerning rights for the commercial 
use of this invention should be addressed to 
NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail Stop 
4-8, 21000 Brookpark Road, Cleveland, Ohio 
44135. Refer to LEW-1 7055/56. 



An Atom Skimmer consists basically of a curved tube surrounded by magnets that generate a multi- 
pole magnetic field. Low-velocity atoms are guided along the tube from the source to the trap. 
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@ Gears Based on Carbon Nanotubes 

Nanometer size gears could be used in molecular-scale machines. 

Ames Research Center, Moffett Field, California 


Gears based on carbon nanotubes (see 
figure) have been proposed as compo- 
nents of an emerging generation of mole- 
cular-scale machines and sensors. In com- 
parison with previously proposed 
nanogears based on diamondoid and 
fullerene molecules, the nanotube-based 
gears would have simpler structures and 
are more likely to be realizable by practical 
fabrication processes. The impetus for the 
practical development of carbon-nan- 
otube-based gears arises, in part, from 
rapid recent progress in the fabrication of 
carbon nanotubes with prescribed diame- 
ters, lengths, chiralities, and numbers of 
concentric shells. 

The shafts of the proposed gears would 
be made from multiwalled carbon nan- 
otubes. The gear teeth would be rigid mol- 
ecules (typically, benzyne molecules), 
bonded to the nanotube shafts at atomi- 
cally precise positions. For fabrication, it 
may be possible to position the molecular 
teeth by use of scanning tunneling mi- 
croscopy (STM) or other related tech- 
niques. The capability to position individ- 
ual organic molecules at room 
temperature by use of an STM tip has al- 
ready been demonstrated. Routes to the 
chemical synthesis of carbon-nanotube- 



Two Molecular-Scale Gears are shown meshing 
in this computer-simulation image. The gears 
would include multiwalled carbon-nanotube 
shafts, to which gear teeth in the form of ben- 
zyne molecules would be bonded. 

based gears are also under investigation. 

Chemical and physical aspects of the 
synthesis of molecular scale gears based 
on carbon nanotubes and related mole- 
cules, and dynamical properties of nan- 
otube-based gears, have been investi- 
gated by computational simulations 
using established methods of quantum 
chemistry and molecular dynamics. Sev- 
eral particularly interesting and useful 
conclusions have been drawn from the 
dynamical simulations performed thus 


far: The forces acting on the gears 
would be more sensitive to local molec- 
ular motions than to gross mechanical 
motions of the overall gears. Although 
no breakage of teeth or of chemical 
bonds is expected at temperatures up to 
at least 3,000 K, the gears would not 
work well at temperatures above a criti- 
cal range from about 600 to about 1,000 
K. Gear temperature could probably be 
controlled by use of coolant gases. For a 
given application, the gears would work 
well at temperatures below the critical 
range, provided that the rotational en- 
ergy was less than the energy required 
to tilt the teeth through an angle of 20°. 
The predominant mechanism of gear 
failure would be slippage caused by tilt- 
ing of teeth. Gears would resume func- 
tioning if the slipping gears were decel- 
erated sufficiently. 

This work was done by Richard Jaffe of 
Ames Research Center; Jie Han and Al 

Globus of MRJ, Inc.; and Glenn Deardorff of 
Sterling Software. Further information is con- 
tained in a TSP (see page 1 ). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Patent Counsel, Ames Research Center, 
(650) 604-5104. Refer to ARC-15116-1. 
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$ Patched Off-Axis 

Bending/Twisting Actuators 
for Thin Mirrors 

Two documents present updates on 
thin-shell, adjustable, curved mirrors 
now being developed for use in space- 
borne imaging systems. These mirrors at 
an earlier stage of development were re- 
ported in “Nanolaminate Mirrors With 
Integral Figure-Control Actuators” 
(NPO-30221), NASA Tech Briefs, , Vol. 26, 
No. 5 (May 2002), page 80. To recapitu- 
late: These mirrors comprise metallic 
film reflectors on nanolaminate sub- 
strates that contain “in-plane” actuators 
for controlling surface figures with mi- 
cron-level precision. The actuators are 
integral parts of the mirror structures, 
typically fabricated as patches that are 
bonded onto the rear (nonreflective) 
surfaces of the mirror shells. The current 
documents discuss mathematical model- 
ing of mirror deflections caused by actu- 
ators arranged in unit cells distributed 
across the rear mirror surfaces. One of 
the documents emphasizes an actuator 
configuration in which a mirror surface 
is divided into hexagonal unit cells. Each 
unit cell contains four rectangular actua- 


tor patches in an off-axis cruciform pat- 
tern to induce a combination of bending 
and twisting. For deflections to reduce 
certain optical aberrations, it is found 
that, relative to other configurations, this 
configuration involves a smaller areal 
density of actuators. 

This work was done by Gregory Hickey, 
Shyh-Shiuh Lih, and Horn-Sen Tzou of Cal- 
tech /or NASA’s Jet Propulsion Laboratory. 
Further information is contained in a TSP (see 
page 1). 

NPO-30748 


Improving Control in a Joule- 

Thomson 

Refrigerator 

A report discusses a modified design 
of a Joule-Thomson (JT) refrigerator 
under development to be incorporated 
into scientific instrumentation aboard a 
spacecraft. In most other JT refrigera- 
tors (including common household 
refrigerators), the temperature of the 
evaporator (the cold stage) is kept 
within a desired narrow range by turn- 
ing a compressor on and off as needed. 
This mode of control is inadequate for 


the present refrigerator because a JT-re- 
frigerator compressor performs poorly 
when the flow from its evaporator varies 
substantially, and this refrigerator is re- 
quired to maintain adequate cooling 
power. The proposed design modifica- 
tions include changes in the arrange- 
ment of heat exchangers, addition of a 
clamp that would afford a controlled 
heat leak from a warmer to a cooler 
stage to smooth out temperature fluc- 
tuations in the cooler stage, and incor- 
poration of a proportional + integral + 
derivative (PID) control system that 
would regulate the heat leak to main- 
tain the temperature of the evaporator 
within a desired narrow range while 
keeping the amount of liquid in the 
evaporator within a very narrow range 
in order to optimize the performance 
of the compressor. Novelty lies in com- 
bining the temperature- and cooling- 
power-regulating controls into a single 
control system. 

This work was done by James Borders, David 
Pearson, and Mauro Prina of Caltech for 

NASA’s Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
page 1). 
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